Background: The combined effect of vitamin D and parathyroid hormone on glucose homeostasis has not been adequately investigated. The aim of this study was to examine the role of parathyroid hormone/vitamin D axis on glucose homeostasis in elderly persons with prediabetes. Methods: Patients with prediabetes (n = 144) and healthy age-matched controls (n = 81) were included in this crosssectional study. Study parameters included anthropometric characteristics, morning fasting glucose (fasting plasma glucose), insulin (fasting plasma insulin), parathyroid hormone, 25-hydroxyvitamin D, homeostasis model assessment of insulin resistance and homeostasis model assessment of β-cell function. Both groups were stratified into subgroups according to vitamin D status and tertiles of parathyroid hormone. Results: Both groups were comparable in terms of body mass index, 25-hydroxyvitamin D and parathyroid hormone status. In the prediabetes group, fasting plasma glucose differed significantly across parathyroid hormone tertiles, increasing from the first to the third tertile (p = 0.011). There were higher fasting plasma glucose values in participants with vitamin D deficiency/parathyroid hormone third tertile compared to all other groups (p = 0.031, 0.027 and 0.039, respectively). Conclusion: Parathyroid hormone status is associated with impaired glucose homeostasis; hypovitaminosis D combined with high parathyroid hormone concentrations are associated with glycaemic dysregulation in elderly patients with prediabetes.
Introduction
During the last decades, accumulating evidence indicates a role for vitamin D (vit D) as a biological metabolic regulator. 1 Hypovitaminosis D seems to be implicated in the pathogenesis of type 1 and type 2 diabetes mellitus (Τ2DM) and an inverse association between serum 25-hydroxyvitamin D [25(OH)D] and fasting plasma glucose (FPG) concentrations, impaired glucose tolerance (IGT) and T2DM prevalence has been reported. 2 Available interventional studies have shown conflicting results, with regard to a potential beneficial effect of vit D supplementation in patients with diabetes mellitus (DM). 3 Furthermore, increased parathyroid hormone (PTH) concentrations are associated with lower insulin sensitivity and higher prevalence of metabolic syndrome (MetS), independently of vit D status. 4 Previous results indicated that the combination of hypovitaminosis D and increased PTH seems to independently
The combined effect of vitamin D and parathyroid hormone concentrations on glucose homeostasis in older patients with prediabetes: A cross-sectional study predict β-cell dysfunction, insulin resistance and glycaemia. 5 However, the combined effect of vit D status and PTH in prediabetes (preDM) has not been assessed so far. The aim of this study was to evaluate vit D status and PTH concentrations in elderly patients with preDM, compared to healthy age-matched controls, trying to elucidate their potential combined role in glucose dysregulation and insulin resistance. 
Materials and methods

Statistical analysis
Characteristics of preDM and NFG groups as well as 25(OH)D deficient and 25(OH)D sufficient groups were compared by independent samples t-test or x 2 test. Vit D status was classified as 'sufficient' or 'insufficient' according to Institute of Medicine criteria [sufficiency: serum 25(OH)D 20-40 ng/mL (50-100 nmol/L); insufficiency < 20 ng/mL (50 nmol/L)]. 8 The tertiles of PTH were first tertile ⩾ 20 pg/mL, second tertile ⩾ 20 pg/mL and ⩾40 pg/mL, and third tertile > 40 pg/mL. The two-factor analysis of covariance (ANCOVA) models were used to evaluate the main effects of preDM versus NFG groups, vit D status (deficient vs sufficient), and PTH status 
Results
Demographic and metabolic characteristics of study participants, according to glycaemic status are presented in Table 1 . PTH subgroups did not differ in relation to HOMA-IR, HOMA-β and insulin, concentrations, after accounting for the demographic covariates for NFG group. However, in the preDM group, FPG differed significantly across PTH tertiles, increasing from the first to second to third tertile (p = 0.011, across all groups), after adjusting for age, gender, BMI and season of sampling. No differences in parameters of glycaemic homeostasis were observed among other subgroups of PTH tertiles.
There was an increasing trend for both FPI and FPG according to PTH tertiles, which resulted in significantly higher concentrations in participants classified as vit D deficiency/PTH third tertile compared to all other groups 
Discussion
The results of this study indicate that PTH status plays an important role in glucose homeostasis in elderly patients with preDM and vit D deficiency. PTH concentrations in the third tertile were associated with insulin resistance, especially when vit D deficiency co-existed. In addition, PTH in combination with vit D may affect the glucose regulation in elderly people with preDM, as vit D deficiency/ PTH third tertile subgroup had higher FPG compared with the all other groups. Vit D sufficiency/PTH third tertile subgroup demonstrated increased FPG, FPI and HOMA-IR, compared with those with vit D sufficiency/PTH first to second tertile, considered as the reference population group. This finding indicates that PTH plays a role in the development of insulin resistance and glucose dyshomeostasis in preDM, independently of vit D status.
The pathogenic mechanism between vit D/PTH and glucose intolerance is not yet clarified. It has been suggested that PTH acts directly on β-cell or indirectly through augmentation of extracellular calcium intake and increase of peripheral insulin resistance. 9 PTH increases cytosolic calcium in pancreatic cells and induces adipocyte tissue lipolysis in a dose-dependent manner through protein kinase A phosphorylation of the hormone-sensitive lipase (HLA), results in insulin resistance. 10 Vit D status has been also hypothesized to be involved in the regulation of β-cell function. Still, a recent meta-analysis of 10 randomized control trials with vit D supplementation in patients with preDM did not show any effect on insulin resistance (HOMA-IR). 11 Although previous studies have confirmed that vit D and PTH interact through a tightly regulated negative feedback network, this is the first study to examine the combined effect of vit D/PTH on glucose homeostasis in preDM. Its main limitation is the small study sample and its cross-sectional design, which cannot establish a causative relationship.
Conclusively, this study indicates that PTH status could independently affect glucose homeostasis in elderly patients with preDM. Assessment of both 25(OH)D and PTH concentrations is a more reliable index of glucose homeostasis than either marker alone. Vit D deficiency with PTH concentrations ⩾40 pg/mL exerts the worst dysglycaemic effects in patients with preDM.
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